Testosterone (T) therapy in older men with low serum T levels increases lean body mass and decreases fat mass. These changes might improve physical performance and strength; however, it has not been established whether T therapy improves functional outcome in older men. Moreover, concerns exist about the impact of T therapy on the prostate in older men. The administration of finasteride (F), which partially blocks the conversion of T to the more potent androgen, dihydrotestosterone, attenuates the impact of T replacement on prostate size and prostate-specific antigen. We hypothesized that T replacement in older, hypogonadal men would improve physical function and that the addition of F to this regimen would continue to provide the T-induced improvements in physical performance, strength, and body composition. Seventy men with low serum T (<350 ng/dl), age 65 yr and older, were randomly assigned to receive one of three regimens for A S MEN AGE, they experience a decline in strength and physical function (1-3). Aging is also associated with changes in body composition, lean body mass (LBM) decreases, and fat mass (FM) increases (4 -7), and these changes may be associated with increased risk of cardiovascular disease. Twenty percent of men over age 60 have serum testosterone (T) concentrations below the normal range for young eugonadal men (8, 9). Exogenous T replacement in older men increases LBM, decreases FM (10 -12), and increases bone mineral density (BMD) (13), yet these changes in body composition have not been shown to impact physical function. Even when given for as long as 3 yr, T replacement has not been shown to improve measures of physical performance in placebo-controlled trials in older men (10).
A S MEN AGE, they experience a decline in strength and physical function (1) (2) (3) . Aging is also associated with changes in body composition, lean body mass (LBM) decreases, and fat mass (FM) increases (4 -7) , and these changes may be associated with increased risk of cardiovascular disease. Twenty percent of men over age 60 have serum testosterone (T) concentrations below the normal range for young eugonadal men (8, 9) . Exogenous T replacement in older men increases LBM, decreases FM (10 -12) , and increases bone mineral density (BMD) (13) , yet these changes in body composition have not been shown to impact physical function. Even when given for as long as 3 yr, T replacement has not been shown to improve measures of physical performance in placebo-controlled trials in older men (10) .
Whereas some studies have shown an increase in strength in older men treated with T when compared with placebo (14, 15) , this has not been a uniform finding, even in longer term studies (10) . In addition, variable effects on serum lipids have been found with use of T in hypogonadal men (16) , although replacement doses in older men are generally associated with decreases in low-density lipoprotein cholesterol (LDL-C) and maintenance of high-density lipoprotein cholesterol (HDL-C) (17) . Therefore, questions still exist as to whether androgen supplementation will improve physical function without causing significant morbidity in older men with low serum T.
The relative roles of T and its metabolite, dihydrotestosterone (DHT), in mediating the end-organ effects of T are not clear. Because DHT contributes to the development of benign prostatic hyperplasia and possibly prostate cancer, androgen supplementation that does not increase DHT might be preferable in older men. Finasteride (F) inhibits DHT production by blocking the enzyme type 2, but not type 1, 5␣-reductase that converts T to DHT. F has been safely and effectively used to treat benign prostatic hyperplasia in older men (18) . We have recently shown that treatment with a combination of T plus F achieved comparable effects in improving BMD while abolishing effects on prostate size when compared with treatment with T alone or placebo (13) . These results were found despite having achieved a 50% reduction in serum DHT in the subjects receiving T plus F compared with placebo or T alone (13) . Furthermore, treatment with F reduces body mass index in men with baseline T levels in the low or low-normal range who experience an increase in serum T with F treatment (19) , suggesting that normal DHT levels are not critical for T to affect body composition.
We hypothesized that long-term im T therapy in older men who had serum T below the range of normal for young adult men would significantly increase physical function and strength, and that these changes would be associated with increased LBM, decreased FM, and decreased serum LDL-C. Furthermore, we hypothesized that the addition of the 5␣-reductase inhibitor F would continue to provide these Tmediated changes. We conducted a randomized, double blind, placebo-controlled trial of im T administration, with or without F, to test these hypotheses.
Subjects and Methods Subjects
Men age 65 and older were recruited and screened as reported previously (13) . The principal inclusion criteria were a morning serum total T level less than 12.1 nmol/liter (350 ng/dl) on 2 d and classification as sedentary (no more than 60 min/wk of moderate-intensity recreational physical activity). Exclusion criteria included the following: severe illness; medications including anabolic steroids, antiandrogens, glucocorticoids, bisphosphonates, diuretics, calcitonin, seizure medications, or warfarin; Paget's disease; smoking or heavy alcohol use; sleep apnea; hematocrit more than 48%; total cholesterol more than 300 mg/dl; abnormal kidney, liver, thyroid, adrenal, or pituitary function; prostate cancer; a prostate nodule on exam; prostate-specific antigen (PSA) more than 4.0 ng/ml; International Prostate Symptom Score more than 8; urinary postvoid residual by ultrasound of at least 150 ml; or an abnormal transrectal ultrasound. The Institutional Review Board of Emory University, where all subject interactions occurred, approved the study, and subjects gave written informed consent before screening.
Study design
Seventy men with a mean age of 71 Ϯ 4 yr (range, 65-83 yr) were enrolled in the study and randomized to one of three treatment groups: 1) 24 subjects received T only [T enanthate (TE); Schein Pharmaceuticals, Florham Park, NJ] 200 mg im every 2 wk, plus a placebo pill orally (PO) daily; 2) 22 subjects received T ϩ F [TE 200 mg im every 2 wk plus F (Merck & Co., Rahway, NJ), 5 mg PO daily]; and 3) 24 subjects received placebo (sesame oil placebo), 1 ml im every 2 wk, plus placebo pill PO daily, as reported previously (13) . Participants were treated for 36 months. Only the research pharmacist and safety monitoring board knew the results of the randomization. A nurse administered the injections, and 98% occurred within 2 d of the scheduled time. There was 95% compliance with the daily F or placebo based on pill counts. The study design included the potential for dose reduction of T or placebo injection by decrements of 0.2 ml (40 mg of TE for subjects actually receiving T) for a hematocrit of more than 52% on safety monitoring performed at 2, 4, 8, 12, 18, 24 , and 30 months. Participants were seen monthly. In addition to hematocrit, safety monitoring included measurement of transaminases, PSA, and prostate volume by digital rectal exam and transrectal ultrasound, as described previously (13) . Participants were asked not to institute a regular exercise program for the duration of the study, and all participants reported compliance with this request.
Fifty men completed the entire 36 months of the study. Of the 20 men who did not complete the study, six were in the placebo group, and seven each were in the T-only and T ϩ F groups (13) . Ten subjects dropped out of the study for personal reasons, and, as reported previously (13) , three dropped out for prostate-related disease (one in the placebo group and two in the T-only group). The nonprostate intercurrent illnesses, which resulted in premature study cessation, were by treatment group and month of study cessation as follows: gastrointestinal bleeding (placebo, month 2); recurrent hematuria with negative workup (T-only, month 7); new onset atrial fibrillation (T-only, month 10); recurrence of old sciatica (T-only, month 14); adrenal cancer (T ϩ F, month 5); appendicitis with peritonitis (T ϩ F, month 7); and pancreatic cancer (T ϩ F, month 16).
Reduction of T dosage for elevated hematocrit was necessary in 14 men (seven in the T-only group and seven in the T ϩ F group). After the decrease in T dosage, the final mean dose of TE was 158 Ϯ 36 mg for the T-only group and 164 Ϯ 40 mg for the T ϩ F group every 2 wk.
Function and strength measurements
At baseline and at months 12, 24, and 36, aspects of integrated physical function were measured using a timed, modified physical performance test (PPT) (20) , consisting of two subtests done in succession. The first subtest required the participant to rise from a chair without using his arms and then walk (but not run) as quickly as possible for 50 ft. The second subtest had the participant stepping over stacked boxes of various heights, walking through an open door, closing and opening the door again, and then walking to a tiered platform to ascend and descend the stairs. The completion times for each subtest were combined for the composite PPT score used in the analysis.
Muscle strength testing was performed at baseline and at months 6, 12, 24, and 36. Handgrip strength was measured using a Harpenden handheld dynamometer. With hands at their sides, the participants were urged to exert maximum effort during three trials for each hand, and testing was initiated using the dominant hand. The maximum result was used for analysis. Knee and ankle strength was assessed using a Cybex II isokinetic dynamometer, with torque calibration before each session using known loads. Peak torques for extension and flexion at 30°/sec and 120°/sec of the knee and ankle of the dominant leg were measured; joints and speeds were tested in random order. After familiarization with the procedures, participants were warmed up by three trials using submaximal effort and two to three trials using maximal effort. After a 1-min rest, testing proceeded with five consecutive pairs of reciprocal repetitions, first using maximal extension and passive flexion. After 10 -20 sec of rest, the procedures were repeated using passive extension and maximum flexion. Five minutes of rest was provided between test runs at each speed and joint. The maximum value for extension and flexion at 30°and 120°was used in the analysis.
Body composition measurements
At baseline and after 6, 12, and 36 months of treatment, body composition was measured by dual x-ray absorptiometry using a Hologic QDR-2000 densitometer (Hologic, Waltham, MA) and standard QDR body composition software. Standardization of the densitometer was performed daily using a body composition calibration phantom, and the same technician and densitometer were used throughout the study to minimize errors due to technique. The intraperson coefficient of variation (CV) was 0.40% for LM and 0.96% for total body fat. Standing height and body weight were measured using a beam scale monthly for the first 6 months; at months 8, 10, and 12; and then every 6 months thereafter through month 36. Circumferences over the waist and hip regions were measured at months 8, 12, 24, and 36, as recommended by the World Health Organization report (21), and waist-to-hip circumference ratio (WHR) was calculated. Measurements were performed by the same person throughout the study.
Hormone measurements
Blood was drawn for hormone measurements in the morning at baseline and immediately before injections after 2, 4, 6, 8, 12, 18, 24, 30, and 36 months of treatment. Blood was drawn for serum lipids after a 12-h fast at baseline and after 6, 12, 18, 24, and 36 months of treatment. All samples, except those used in lipid measurements, were stored frozen at Ϫ70 C until the end of the study, when serum samples from each participant were assayed concurrently. For each hormone, all samples from each individual were measured in duplicate in one assay. T, DHT, bioavailable T, and estradiol assays have been reported previously (13) . Leptin and adiponectin were measured by RIA (both from Linco Research Inc., St. Charles, MO). The assay sensitivity for leptin was 0.5 ng/ml, and intraassay and interassay CV were 5 and 7.1%, respectively. The assay sensitivity for adiponectin was 1.0 ng/ml. Intraassay and interassay CV for adiponectin were 6.21% and 9.25%, respectively. Total insulin was measured by double-antibody RIA (Diabetes Endocrinology Research Center Immunoassay Core Laboratory, Seattle, WA). Intraassay and interassay CV for insulin were 6.9and 8.5%, respectively.
Statistical analysis
The primary analysis was performed according to patients' original treatment assignment (i.e. an intention-to-treat analysis), and all men were included in the analyses for as long as they contributed data. Baseline differences between treatment groups were assessed using nonparametric Kruskal-Wallis tests. We applied linear statistical models to analyze the longitudinal physical performance and body mass response variables. The response variables were modeled as change from baseline using cell means for each treatment group and measurement occasion. The linear models included correlated random errors to account for correlation between serial measurements from a given individual. First-order autoregressive structures were employed to model the variance-covariance matrices for the error terms. Autoregressive covariance models assume that repeated measurements from an individual that are closer in time are more highly correlated than more distant measurements.
To address the study objectives, we applied F tests with multiple degrees of freedom to evaluate the null hypothesis of no change from baseline throughout the study for a designated treatment group. Furthermore, we tested whether the change-from-baseline profiles for each of the T-only and T ϩ F groups were significantly different from the change-from-baseline profile in the placebo group. We also conducted serial hypothesis tests, evaluating differences between the treatment groups and testing treatmentspecific changes from baseline at each measurement time. For serial hypothesis tests, a Bonferroni-adjusted significance level of 0.0167 was required to preserve a familywise type-I error rate of 0.05, and an adjusted significance level of 0.033 achieved a familywise error rate of 0.10. We implemented our statistical analyses of the longitudinal physical performance and body mass measures using SAS PROC MIXED (SAAS OnlineDoc, version 8, SAS Institute Inc., Cary, NC).
Results
At baseline, the three treatment groups did not differ significantly from each other in age, body mass index, serum lipids, prostate volume, PSA, or strength (Table 1 and Ref. 13) . At baseline, the placebo group had a mean PPT time that was slightly shorter than the two T treatment groups (P ϭ 0.04; Table  1) and a slightly lower level of adiponectin (P ϭ 0.04; Table 1 ).
Detailed analyses of serum sex steroid levels in this study have been reported previously (13) . In brief, mean nadir serum total T levels in the T-only and T ϩ F groups were significantly increased throughout the treatment period [Tonly baseline, 10.0 Ϯ 1.1 to 16.6 Ϯ 1.1 nmol/liter (mean Ϯ sem); and T ϩ F baseline, 9.9 Ϯ 1.1 to 18.6 Ϯ 1.1 nmol/liter] but stayed within the normal range, whereas these hormone levels did not change in the placebo group (baseline, 9.8 Ϯ 1.1 to 11.3 Ϯ 1.2 nmol/liter). Mean nadir serum DHT levels did not change throughout the study in the placebo group, increased significantly in the T-only group (baseline, 0.74 Ϯ 1.1 to 1.32 Ϯ 1.1 nmol/liter), and decreased significantly in the T ϩ F group (baseline, 0.82 Ϯ 1.1 to 0.44 Ϯ 1.1 nmol/liter) (P Ͻ 0.001 for T and T ϩ F groups compared with baseline and placebo). Estradiol and bioavailable T levels in the T and T ϩ F groups were significantly elevated above baseline, whereas they were unchanged in the placebo group (13) .
Physical function
In a timed function PPT involving rising from a chair, walking, stair climbing, and opening/closing a door, subjects in both groups receiving T had improvements in physical performance testing, noted by month 12 (P Ͻ 0.05 vs. baseline for both T and T ϩ F; Fig. 1A ), that continued through the completion of the study, with the exception of the T ϩ F group where improvement at 36 months did not quite reach significance (P ϭ 0.07 vs. baseline). After 36 months, subjects receiving T and T ϩ F had a mean decrease in time to complete the PPT of Ϫ1.3 Ϯ 0.6 sec (Ϫ4.3 Ϯ 1.6%) and Ϫ1.1 Ϯ 0.6 sec (Ϫ3.8 Ϯ 1.0%), respectively (P Ͻ 0.002 vs. placebo at 36 months for both groups). In contrast, by 24 months, the placebo group became significantly slower to complete the tasks of the PPT, an effect that persisted through month 35 (P Ͻ 0.05 vs. baseline; Fig. 1A ). At the end of the study, subjects in the placebo group had a mean increase in time to complete the PPT of 1.3 Ϯ 0.6 sec (ϩ5.61 Ϯ 1.92%) over baseline. Overall, the groups receiving T or T ϩ F had improvement in the timed, combined PPT over the duration of the study compared with placebo (P Ͻ 0.001 for T and P Ͻ 0.01 for T ϩ F; Fig. 1A ). There were no significant differences between subjects receiving T and T ϩ F (P ϭ 0.51). For the two T treatment groups, changes in PPT over time correlated significantly with both change from baseline in total T level (P ϭ 0.014) and change from baseline in bioavailable T level (P ϭ 0.003), but not with baseline total T level.
Strength
Right handgrip strength increased significantly from baseline in both groups receiving T (P Ͻ 0.0001 for T-only and P ϭ 0.008 for T ϩ F compared with baseline; Fig. 1B ), and these changes were significantly different from the placebo group (P ϭ 0.01 for T-only and P ϭ 0.047 for T ϩ F compared with placebo), which showed no significant change over time. Similarly, left handgrip strength improved significantly compared with baseline in both groups receiving T and at 24 months in the placebo group (Fig. 1C) . Although there was a trend toward a greater improvement in left handgrip strength in the two T-treated groups compared with placebo, there was not a significant difference in left handgrip strength between the T and placebo groups because of the increase in strength in the placebo group. The change in right handgrip strength with time in the T-treatment groups did not correlate significantly with either baseline or change in total or bioavailable T levels. Overall, isokinetic lower extremity strength measured at both the ankle and the knee was not significantly different in the groups receiving T compared with the placebo group, and there were no , and left handgrip strength (C). *, P Ͻ 0.05 vs. baseline. Overall, the T groups were significantly different from the placebo group for the timed performance test and right handgrip strength (P Ͻ 0.002 for both T and T ϩ F vs. placebo for both measures).
differences between subjects receiving T and those receiving T ϩ F (data not shown).
Body composition
There were no significant changes in weight in any of the groups over the entire 36-month period (Table 2) , although both groups receiving T had a transient increase between months 2 and 4 (maximum increase at month 3 of 1.6 Ϯ 0.8 kg for T-only, and 2.3 Ϯ 0.8 for T ϩ F; P Ͻ 0.05 vs. baseline), which resolved by month 5. LBM increased significantly in both the T-only and the T ϩ F groups during the study period (P Ͻ 0.001 in both groups vs. baseline), whereas it remained unchanged in the placebo group (P ϭ 0.45; Fig. 2A) . The mean total increase in LBM over the 36-month period for both groups receiving T was 3.7 Ϯ 0.6 kg. These changes in LBM in the two T-treatment groups correlated significantly with changes from baseline in total T levels (P ϭ 0.017), were less well-correlated with changes from baseline in bioavailable T (P ϭ 0.05), and did not correlate with baseline total T levels (P ϭ 0.11). Both total FM and percent body fat decreased significantly in the two groups receiving T (P Ͻ 0.0001 for all changes from baseline and for treatment vs. placebo comparisons) and were unchanged in the placebo group ( Fig. 2B and Table 2 ). The total body fat changes in the two T groups correlated with changes from baseline in total T levels (P ϭ 0.047), but not with baseline total T levels (P ϭ 0.70) or changes from baseline of bioavailable T (P ϭ 0.06).
Regarding fat distribution, both right leg fat and trunk fat decreased significantly in the groups receiving T (Table 2 ) and were unchanged in the placebo group. For subjects in the T and T ϩ F groups, the decrease in percentage fat in the leg and trunk were similar by month 36 (right leg, Ϫ5.7 Ϯ 0.7% fat; trunk, Ϫ6.0 Ϯ 0.9% fat) and significantly different from the placebo group, where they remained unchanged (P Ͻ 0.0001). Over the 36 months, subjects in both groups receiving T had a small but significant increase in WHR when compared with placebo (P ϭ 0.04 for both T and T ϩ F vs. placebo). In all cases, the majority of the changes in body composition occurred within the first 6 months of treatment and were maintained through the remainder of the study (Fig. 2 ). There were no significant differences in any measures of body composition between the group of subjects receiving T and those receiving T ϩ F.
Serum lipids, leptin, adiponectin, and insulin
Fasting total serum cholesterol and triglycerides significantly decreased in subjects receiving T or T ϩ F by the 12th month of treatment, and LDL-C was decreased in these groups by month 36 (Table 3 ) when compared with baseline (P Ͻ 0.05; Table 3 ). Serum lipids were unchanged in the placebo group at all time points examined. HDL-C remained stable in all three groups throughout the study. Similar to changes in FM, leptin decreased in subjects in both groups receiving T but was unchanged in the placebo group (P Ͻ 0.02 for differences between groups over time) (Table 3 and Fig. 2C ). In contrast, serum adiponectin and fasting insulin levels were unchanged when compared with baseline in any of the groups (Table 3) .
Discussion
This study demonstrates that T therapy, alone or in combination with F, when compared with placebo can increase physical function in generally healthy older men with low serum T. T therapy has been shown to alter body composition and increase LBM in other studies in men who were similar in age and general health to our study participants, but these changes have not translated into improved physical performance. For example, in a study of elderly, hypogonadal men, Snyder et al. (10) found no difference in timed walking or stair climbing, and Kenny et al. (22) found no change in self-reported physical activity with transdermal T administration. One group reported improvements in timed walking and stair climbing with T administration to elderly, eugonadal men of similar magnitude to those reported here (23); however, this was not in a placebo-controlled trial, and their improved performance compared with baseline might be explained by a "learned effect." Improvement with T therapy has not been a consistent finding with other measures of physical function such as maximum rate of O 2 consumption (24) . Our ability to demonstrate a positive effect on physical function may reflect differences in T delivery and T levels. In particular, injectable TE, used in this study, achieves higher average and peak T levels than those , and leptin (C). *, P Ͻ 0.005 compared with baseline. Overall, both groups receiving T were significantly different from placebo for all three measures (P Ͻ 0.0001 for total LBM and FM; P Ͻ 0.02 for leptin for T and T ϩ F vs. placebo).
achieved with the T patch used by Snyder et al. (10) or Kenny et al. (22) . It may be that there is a threshold in T level, or a certain fractional change from baseline, required before significant improvements in physical performance are achieved, because we observed the greatest improvement in physical performance in those with the greatest incremental increase in their T level from baseline. The clinical significance of the magnitude of improvement in physical performance seen in this study is not known. However, cross-sectional analyses suggest that hypogonadism may contribute to fall risk in elderly men (25, 26) . The absolute improvement in the PPT for the subjects receiving T was small (1-2 sec), but represents a percentage improvement of approximately 4%. In fact, the degree of change in physical performance we observed is comparable to the percentage change in BMD (3-10%) and LBM (6 -7%) seen in this (13) and other studies (10, 27, 28) . Furthermore, men in the placebo group had significant deterioration in physical performance by 24 months when compared with baseline, supporting the notion that without intervention, there is a decline in physical function over time. It is possible that the shortened form of the PPT we used in this study had a "ceiling effect" wherein improved physiology was not reflected in improved test times, which were already near maximally shortened. Such a confounder may have been exacerbated by the fact that we studied communitydwelling elderly men, and greater improvements in performance might have been observed in a more frail population. In addition, we cannot exclude the possibility that the PPT was not sensitive enough to detect all clinically important differences between the T and T ϩ F groups. The full PPT has been demonstrated to be an independent predictor of institutionalization and mortality in the elderly (29) . We modified the PPT to include those items related to ambulation, balance, and strength. Because we used a modified test, which has not been externally validated, we cannot rule out the possibility that our modified test is less accurate than the full PPT. Nevertheless, our observation that T therapy improves physical performance supports the hypothesis that T therapy in elderly men with low serum T might improve morbidity and mortality. Determination of the effects of T replacement on mortality will require a large-scale, long-term, placebo-controlled intervention study.
The mechanisms through which T replacement improves physical performance are likely multifactorial. Improvements in strength likely contribute to improvements in physical function, because we observed a significant increase in right handgrip strength in subjects receiving T therapy compared with the placebo group. Despite this improvement in grip strength, we did not consistently detect a difference in lower extremity strength in subjects receiving T compared with the placebo group. Such a discrepancy between improvements in grip strength and lower extremity strength have been observed in other studies (30) . Indeed, in one study, T therapy improved muscle strength and power without altering muscle fatigability (31, 32) , suggesting that selective components of muscle performance are regulated by T. Overall, our results suggest that changes in muscle mass and strength may not fully account for improved physical performance with T therapy.
Considering other possible mechanisms for improved physical function, we observed marked increases in LBM and decreases in FM over the 36-month treatment period in sub- 7.4 (5.6 -9.3) 8.7 (6.6 -10.9) 9.6 (7.5-11.8) jects receiving T therapy, changes that were seen in other studies of T administration to hypogonadal men (10, 15, 22) . Such changes in body composition are likely due to increases in muscle mass, as has been reported in younger men receiving T (33) . In addition, subjects receiving T therapy had a significant increase in serum hemoglobin compared with baseline and placebo (13) . It is possible that the resultant increased oxygen-carrying capacity in the T-treated groups contributed to improved physical performance. Additionally, although we did not include analyses of subjective measures of mood and energy level in this study, other studies have suggested that T replacement results in improvements in these parameters (12, 34) , and it is possible that improvements in these factors contributed to improved physical performance in the T-treated subjects.
With the exception of one small study administering somewhat higher doses of TE for 6 months (15), the changes in body composition we report in this study are significantly greater in magnitude than those observed in other long-term studies of T therapy in older men (10, 22, 24) . In particular, we observed greater increases in LBM and decreases in FM than observed by others, perhaps due to higher average serum T levels (24) or to higher peak levels with injection compared with transdermal delivery (10, 22) . Indeed, we found a positive correlation between changes in LBM and FM and changes in T, supporting the notion that these effects are mediated by increases in T. Temporally, changes in body composition were dramatic over the first 6 months of therapy (Fig. 2 ) and tended to level off over subsequent months. Similarly, we saw a dramatic decrease in leptin levels over the first 12 months of therapy, likely reflecting decreases in overall FM. Regarding fat distribution, some studies in eugonadal men have suggested that T may preferentially decrease abdominal (35, 36) or visceral fat (37). Although we did not directly examine visceral vs. sc fat in this study, we did not observe a greater decrease in trunk compared with limb fat with T administration (Table 2) , similar to Snyder et al. (10) . In fact, we saw a slight increase in WHR in subjects receiving T ( Table 2 ), results that were consistent with those recently described by Woodhouse et al. (38) .
There has been some concern that T replacement may negatively impact cardiovascular risk in elderly men. In contrast, despite substantial increases in serum T levels, we saw a lowering of total cholesterol and LDL-C in the T treatment groups without changes in HDL-C (Table 3) . Similar improvements in lipid profiles have been seen in some other studies of androgen replacement in hypogonadal men (12, 39) . Interestingly, despite a significant lowering of FM (Fig.  2B) , we did not observe an increase in serum adiponectin or a change in fasting insulin levels in subjects receiving T. In cross-sectional analyses, adiponectin seems to be inversely correlated with FM (40, 41) , and levels have been shown to increase with weight loss in normal subjects (42, 43) . High levels of adiponectin have been suggested to be cardioprotective (44) and are associated with increased insulin sensitivity (45) . However, we (46) and others (41, 47) have demonstrated that adiponectin levels are decreased by T, because acute T deprivation causes a rise in serum adiponectin in mice and men (41, 46) . Our data support a model wherein T replacement results in body composition changes, which might increase adiponectin levels, but such an increase is likely mitigated by the negative effects of T on adiponectin at the level of gene or protein expression. With the exception of a small increase in WHR, T replacement was not associated with any increase in markers of cardiovascular risk in this study. Long-term, prospective studies will be required to determine the impact of T therapy on cardiovascular health, but our results suggest that T replacement might reduce the risk of cardiovascular disease in men with low serum T.
The addition of F to T, which decreased serum DHT levels by approximately 50% (13), did not affect gains in physical performance, alterations in body composition, cholesterol, or metabolic markers when compared with T alone in our study. As reported previously (13) , the addition of F to T attenuated the age-associated increase in prostate size seen in the placebo and T groups and prevented the increase in PSA seen with T alone. In addition, there was no significant difference in the incidence of prostate cancer in any of the groups (13) . Conversely, T and T ϩ F resulted in similar increases in hematocrit and incidence of polycythemia (13) , suggesting that F is only effective in reducing the prostatic side effects of T replacement. Similar to the effects of T ϩ F on increases in BMD, these data suggest that normal physiological levels of serum DHT are not required to mediate the beneficial effects of T therapy on performance and body composition in older, hypogonadal men. However, F inhibits only one of two isoenzymes of 5␣-reductase (type 2); therefore, we cannot rule out the possibility that limited DHT production via the activity of the type 1 isoenzyme is sufficient to support these effects. Additional studies using a dual-isoenzyme inhibitor are needed to clarify the role of DHT in mediating the end-organ effects of T.
In conclusion, long-term treatment of elderly, hypogonadal men with T or T ϩ F improved physical performance, body composition, and fasting lipid profiles. We have previously found that the addition of F minimized increases in prostate size associated with age and T therapy alone (13) . Given the beneficial effects of T on these parameters, larger, long-term, randomized placebo-controlled trials designed to address the specific benefits and risks of T replacement, with and without a 5␣-reductase inhibitor, on physical performance, falls, and cardiovascular and prostatic diseases are clearly warranted.
